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FULLERENE-BASED AMINO ACIDS 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This Application claims priority to United States Provisional Application Serial 
No. 60/536,544, ffled January 14, 2004. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to fiillerene materials, and specifically to 
amino acids into which such materials are incorporated. 

BACKGROUND OF THE INVENTION 

[0003] The incorporation of fallerenes into macromolecular structures of biological 
inportance has been a continual pursuit of researchers over the course of the past decade. 
"Buckrainsterfullerene," Ceo, or [60] follerene (names which all refer to the same molecule), 
is well known for its unique hydrophobic nature and other physiochemical properties that 
make it an interesting pharmocophore candidate. For instance. Ceo and other fiillerenes can 
be incorporated into the cylindrical hydrophobic cavity (or cavities) of HIV protease and 
behave as an inhibitor. See Friedman et al, J. Am Chem Soc, 1993, //J, pp. 6506-6509. 
In vitro studies of water soluble- [60] fullerene derivatives containing hydrophilic 
functionalities show that they can inhibit acutely- and chronically-affected perqjheral blood 
mononuclear cells with an EC50 (50% effective concentration) as low as 7 jiM, See 
Sijbesma et al, J. Am Chem Soc, 1993, 7/5, pp. 6510-6512. Active oxygen species can be 
generated fromphotoexcited fiillerenes as potential medicines. See Yamakoshi et aL, J. Am 
Chem Soc, 2003, 125, pp. 12803-12809. This makes fiillerenes and their derivatives 
excellent candidates for use in photodynamic ther^y (PDT) for cancer treatment. Therefore, 
building bioactive [60] fiillerene derivatives is not merely of scholarly interest, but also of 
considerable medicinal significance. 

[0004] Amino acids are a basic and essential building block for living organisms at all 
levels. Indeed, they polymerize into polypeptides or proteins, proteins being responsible for 
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much of the mechanistic phenomenon within biological organisms enzymes, antibodies, 
ion channels, hemoglobin, etc.). The idea of combining foUerenes with amino acid residues 
has long been of great interest to chemists. The incoxporation of flillerene-based amino acids 
into proteins, peptides or antibodies could lead to many new applications in the reahn of 
medicinal chemistry. Possible interactions of fuUerene with hydrophobic pocket(s), or other 
arene-arene interactions, within proteins or enzymes could provide new insight into the 
fimction-structure study of such proteins and enzymes. However, to build molecules with 
[60] fiillerene as an inseparable part of the amino acid, ie., an amino acid resembling a 
natural one and having the general formula: 

H ? 

H2N— C— C— OH 

R 

and denoted hereafter as H2N-CH(R)-C(0)-0H, and which can survive through the entire 
biological range of pH changes and enzymatic cleavage and stay whole, remains a challenge. 
So far, reports of foUerene-based amino acids are still rare, and these generally contain an 
amide or ester link. Such linkages are susceptible to cleavage by hydrolysis. Considerable 
effort in fullerene chemistry has shown that this task is not trivial, since Ceo itself readily 
reacts with nucleophiles and also reacts under many hydrogenation conditions. The latter 
scenario represents a major obstacle for its use in many chemical processes. Methods and 
con5)ositions tliat serve to overcome some of these obstacles would be very beneficial. 



BRIEF DESCRIPTION OF THE INVENTION 

[0005] The present invention is generally directed to a series of new compounds, 
combining the unique properties of fullerenes and bio-active amino acid residues, and to 
methods of making such compounds. In some embodiments, these new conpounds are 
fullerene-based amino acids. In some or other embodiments, these new compounds are 
amino acid residues, peptide chains, proteins, and polypeptides made from such fullerene- 
based amino acids. Generally, such conpounds can survive through the entire biological 
range of pH changes and enzymatic cleavage. 
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[0006] Anuno acid residues, peptide chains, proteins, and polypeptides comprising the 
flillerene-based amino acids of the present invention, and into which such fullerene-based 
amino acids have been incorporated, may additionally con:5)rise other naturally occurring or 
synthetic amino acids. 

[0007] In some embodiments, the fullerene-based amino acids of the present invention 
conprise fullerene species that are endohedrally-doped with one or more dopant species. 
Such dopant species include, but are not limited to, radioactive species, non-radioactive 
species, meatls, gases, spin 14 nuclei, and combinations thereof 

[0008] In some erobodiments, the fullerene-based amino acids of the present invention 
are part of a synthetic protein that has a specific biological function. Such fixnction includes, 
but is not limited to, enzymatic, antibody, oxygen transport, ion transport, and combinations 
thereof In some embodiments, the fullerene-based amino acids are a structure-determining 
element in the synthetic protein. In some of these embodiments, the fullerene-based amino 
acids provide for reaction pockets (e.g., voids where non-aqueous chemistry can take place) 
within the synthetic proteins. In some or other embodiments, the fullerene-based amino acids 
serve as links between two or more amino acids in the protein. 

[0009] In some embodiments, the present invention is directed to methods of making 
such above-described fullerene-based amino acids. In other embodiments, the present 
invention is directed at methods of incorporating or assembling these fullerene-based amino 
acids into amino acid residues or synthetic proteins, wherein such residues and proteins may 
or may not further comprise other non-fullerene-based amino acids of natural and/or synthetic 
origin. 

[0010] These new compounds, which are additions to the existing amino acid residue 
family, may potentially possess useful pharmaceutical application and may provide a new 
platfoxTO for further exploration in cancer ther^y, and peptide and protein engineering. 

[0011] The foregoing has outlined rather broadly the features of the present invention in 
order that the detailed description of the invention that follows may be better understood 
Additional features and advantages of the invention will be described hereinafter which form 
the subject of the claims of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a more corrplete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

[0013] FIGURE 1 depicts reaction Schemes 1 and 2\ 

[0014] FIGURE 2 depicts reaction Scheme 3; 

[0015] FIGURE 3 depicts reaction Scheme 4; 

[0016] FIGURE 4 depicts a MALDI-TOF mass spectrum of buckyimine 3; 

[0017] FIGURE 5 depicts a MALDI-TOF mass spectrum of buckyaminoacid S showing 
fragmentation of the molecular ion; 

[0018] FIGURE 6 depicts a MALDI-TOF mass spectrum of 9; 

[0019] FIGURES 7A and 7B depict MALDI-TOF mass spectra of (A) Boc-protected 12 
and (B) Fmoc-protected 12; 

[0020] FIGURE 8 depicts a solid-phase peptide chain synthesis according to an 
embodiment of the present invention; 

[0021] FIGURE 9 depicts a synthesis of N-Boc-Fullerecine-Phe-OH according to another 
embodiment of the present invention; 

[0022] FIGURE 10 depicts a synthesis of N-Fmoc-Fullerecine-Phe-OH according to 
another embodiment of the present invention; 

[0023] FIGURE 1 1 depicts phase contrast microscope (top) and fluorescent microscope 
images for a cell viability test using a fullerene peptide made according to an embodiment of 
the present invention; 

[0024] FIGURE 12 depicts the synthesis of fullerene peptide I in accordance with an 
embodiment of the present invention; and 

[0025] FIGURE 13 depicts the statistical analysis of the cell viability evaluation. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0026] The present invention is directed to a series of new con5)ounds, combining the 
unique properties of fiillerenes and bio-active amino acid residues, and to methods for 
making such con5)ounds. The present invention is directed toward fullerene-based amino 
acids, and to amino acid residues, peptide chains, proteins, and polypeptides made from such 
fullerene-based amino acids. The present invention is further directed to amino acid residues, 
peptide chains, proteins, and polypeptides comprising such fullerene-based amino acids and 
into which such fuUerene-based amino acids have been incorporated. Exemplary compounds 
have been prepared, and these conapounds have been characterized and confirmed with 
infrared (IR) spectroscopy, nuclear magnetic resonance (NMR) spectroscopy, mass 
spectrometry (MS), etc. These new compounds, which are additions to the existing amino 
acid residue fanaily, may potentially possess useful pharmaceutical ^plication and may 
provide a new platform for ficrther exploration in cancer therapy, and peptide and protein 
engineering. 

[0027] Nano- or fuUerene-based amino acids (terms used synonymously herein), 
according to the present invention, are amino acids having the general formula: 

H2N-CH(R)-C(O)-0H, 

wherein a fullerene is, or is part of, the "R" group. 

[0028] A peptide or peptide chain, according to the present invention, is a conipbund 
con?)rising two or more amino acids. A polypeptide is a polymer of amino acids linked 
through peptide bonds. A protein is a polypeptide of biological significance. 

[0029] Fullerenes, according to the present invention, can be traditional fullerenes (e.g., 
C60, C70, Cs2, C84, etc.), but they can also be buckytubes (carbon nanotubes) and buckyonions 
(nested fixllerenes). They can be doped {e,g., metallo fullerenes such as La@C6o), and/or they 
can be derivatized with other substituents to alter their chemical and physical properties. 

[0030] A nano-amino acid (foUerene-based amino acid) and its corresponding residue 
may be synthesized through a number of routes. For exan:5)le, the condensation of 
1,2-4'cyclohexanone fullerene with 4-aminophenylalanine, followed by hydrogenation with 
BH3-THF and de-protection with BBra yields a nano-amino acid that has been christened 
"Ricene." 



5 



wo 2005/070827 



PCT/US2005/001187 



[0031] Nano-amino acids may find use as drugs or similar pharmaceutical agents. 
Furthermore, since ammo acids and their residues can remain chenoically active, nano-amino 
acids may be incorporated into typical poly-amino acid macromolecules such as proteins. In 
some embodiments, the nano-amino acid may replace a naturally occurring amino acid in a 
protein chain to alter the function or binding of that protein. When combined with other 
agents, it could function as a vehicle for drug or radioactive ray delivery in cancer therq)y. 
This type of nano-amino acid and residue also provides a new platform for further extending 
such chemistry. 

[0032] As previously mentioned, in some embodiments, ia. place of simple fuUerenes, it 
is possible to use metal-doped fullerenes (metallofullerenes), in which the metal has a 
secondary function such as electron spin or radioactive decay that provides an alternative or 
additional function to the nano-amino acid and/or residue of which it is a part. Such species 
could be useful for cancer treatment and/or diagnostic imaging. As an example; a 
metallofullerene comprising a metal of appropriate nuclear spin could be incorporated into a 
fullerene-based amino acid, which in turn is incorporated into a protein antibody. If this 
antibody is chosen so as to target specific cells (e,g., cancer cells), these cells, or 
agglomerations of these cells, can be imaged more readily. Alternatively, such a naodified 
antibody could be made to deUver radioactive or cytotoxic material to cancer cells, thereby 
providing a therapeutic role. 

[0033] While some fuUerene-based amino acid residues have been previously 
synthesized, all of these have had an ester or amide link between the fuUerene and amino acid 
residue, which preclude them from being true amino acid residues. In other words, they are a 
reaction product of an amino acid and a fullerene. Put forth herein are the first-ever 
fuUerene-based anoino acids that resemble and behave as a natural amino acids having the 
general formula: 

H2N-CH(R)-C(0)-0H. 

[0034] To produce the nano-amino acids and amino acid residues of the present 
invention, some known fullerene chemistry is used to generate a starting material that can 
undergo further reaction. The pioneering work of Rubin and coworkers on the Diels- Alder 
reaction of Ceo with 2'-trimethysiloxyl silane 1,3-butadiene provides an excellent starting 
point for further functionalization of Ceo as shown in FIGURE 1 (Scheme 1). See Rubin et 
al. Tetrahedron, 1996, 52(14), pp. 5179-5189. Since the ketone fiinctionaHty is a very 
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reactive functional group, teactdon of buckyketone 1 can lead to a series of fiillerene 
derivatives with potential medicinal applications. 

[0035] As shown in FIGURE 1 (Scheme 2), buckyimine 3 can be produced via the 
condensation of 1 with 4-amine-(N"Ac)Phe-0Me 2, Thereafter, hydrogenation of the imine 3 
leads to a protected fuUerene-based amino acid The final amino acid can then be prepared 
by a deprotection method to yield a fuHerene-based phenylalanine analog 5 without an amide 
or ester link. This route can be used as a facile and versatile method for preparing a wide 
range of fuUerene-based amino acids 

[0036] ReferrirLg again to Scheme 2, the nucleophilic addition of buckyketone 1 and N- 
Ac-(4-amino)-Phe-OMe 2 readily leads to the formation of the buckyimine 3, as 
characterized and confirmed by matrix-assisted laser desorption time-of- flight (MALDI- 
TOF) mass spectrometry (MS). See FIGURE 4. The imine intermediate has not been further 
characterized, as it readily deconposes on the silica-gel column during purification. It is 
worth noting, however, that the buckyimine 3 parent ion is stable under the operational 
conditions of MALDI-TOF-MS, while its reduced form is not. 

[0037] Conversion of the Schiff base [imine] to the corresponding amine can be achieved 
by di-acid catalyzed BH3-THF reduction at -78°C followed by conventional work up under 
basic conditions. While hydrogenation of 4 can be carried out using a number of methods, an 
exemplary method involves the reaction of the N-Ac amino ester with BBr3. This leads to the 
formation of the deprotected amino acid 5, as characterized by MALDI-TOF-MS, the 
conditions for which typically lead to significant fragmentation, as shown in FIGURE 5. 

[0038] It is worth noting that the reaction of fiillerenes with 2-trimethylsilane 
1,3-butadiene also produce a bis-adduct, but with two cyclohexagonal ketone rings. These 
also react with APAM [4-amine-(N-Ac)-Phe-0me] to produce a bis phenyalanine with a 
fullerene linkage, as identified by MALDI-TOF-MS. Therefore, it is possible to make di- 
amino acids with fiillerene species serving, for example, as an S-S unit bietween cystines. 

[0039] The N-Ac amino ester and its deprotected form have been fully characterized by 
and ^^C NMR, Such studies reveal that the introduction of a phenylalanine moiety 
increases the energy barrier for the inversion of hexagonal ring, and that the CH2 groups are 
well resolved even at room tenperature. Upon deprotection of the acetyl and methyl groups, 
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there is a significant change in the chemical shift of the single hydrogen on the a carbon that 
moves to higher field and partially overlaps with the tertiary hydrogen on the hexagonal ring. 

[0040] The fUUerene-based amino acid 5 meets the general formula requirements for an 
amino acid. Furthermore, its linkage of the R group, conqjrising the fullerene species, to the 
amino acid backbone is immune to hydrolysis under typical biological conditions. These two 
attributes alone distinguish the nano-amino acids of the present invention over the prior art. 

[0041] . Variations on the above-described reaction scheme exist, some of which yield 
amino acid esters that must first be deprotected before they can be polymerized in peptide 
chains. Shown in FIGURE 2 (Scheme 3) is the synthesis of N-Ac-Lys-OMe-BAA, wherein 1 
is reacted with 7 to yield imine 8, which is then hydrogenated to yield N-Ac-Lys-OMe-BAA 
9, where BAA = "bucky amino acid" (Le,, a fullerene-based amino acid) This has been 
confirmed by MALDI-TOF-MS, as shown in FIGURE 6. Alternatively, in some 
embodiments, it is desirable to protect only the carboxylic acid functionality or only the 
amino functionality, as shown in FIGURE 3 (Scheme 4) for the synthesis of N-PG-Phe-OH- 
BAA, wherein 1 is reacted with 10 to yield imine 11 which is then hydrogenated to yield 
protected nano-amino acid 12, as confirmed by MALDI-TOF-MS (FIGURE 7). Note that 
Boc = /-butoxycarbonyl and Fmoc = fluorenylmethoxycarbonyl 

[0042] As noted above, numerous medicinal and other biological applications exist for 
the nano- or fullerene-based amino acids of the present invention, and for amino acid residues 
con$)rising such fullerene-based amino acids. Such fullerene-based amino acids can be 
attached to or incorporated in various proteins. In some embodiments, these proteins are 
antibodies and the attached fullerene-based amino acid delivers a therapeutic or diagnostic 
agent to a target (mentioned previously herein). In other embodiments, these proteins are 
enzymes, and incorporation of fullerene-based amino acids into them alters their function (via 
structural alteration), /.e., turns them off, slows them down, speeds them up, or makes them 
perform an entirely different or related functioa Furthermore, incorporation of such 
fullerene-based amino acids into proteins may serve in helping to elucidate structure-function 
relationships that are heretofore poorly understood 

[0043] In some embodiments, fullerene-based amino acids can be used to enlarge existing 
hydrophobic pockets within proteins, or create new ones. In such pockets, non-aqueous 
biological chemistry can take place. Increasing the volume of such pockets may increase the 
extent and type of this non-aqueous chemistry. 
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[0044] In some embodiments, synthetic peptide chains are synthesized that conprise 
fallerene-based amino acids. These species may also be used to for diagnostic and 
therapeutic medical applications. In some embodiments, a solid-phase synthesis, like that 
shown in FIGURE .8, is used to generate such synthetic peptide chains that comprise 
fiillerene-based amino acids. 

[0045] The following examples are included to demonstrate particular embodiments of 
the present invention. It should be appreciated by those of skill in the art that the methods 
disclosed in the examples that follow merely represent exemplary embodiments of the present 
invention. However, those of skill in the art should, in light of the present disclosure, 
appreciate that many changes can be made in the specific embodiments described and still 
obtain a like or similar result without departing from the spirit and scope of the present 
invention. 

EXAMPLE 1 

Synthesis ofN-Ac-Fiillerecine-Phe-OMe 

[0046] Approximately 238 mg of buckyketone 1 (0.3 mmol), 85 mg Ac-Phe(4-NH2)- 
OMe (0.36 mmdl), and a catalytic amount of p-benzosulfonic acid were added to a 250 mL 
Schlenk flask equipped with a magnetic stir bar. The starting mixture was pumped dry under 
vacuum Then, 150 mL degassed freshly distilled toluene was charged into the flask under an 
argon atmosphere. The flask was attached to a Soxhlet extractor filled with oven-dried 4 A 
molecular sieve. The reaction mixture was refluxed overnight. After the heating was 
stopped, the dark, golden-brown solution was filtered by a cannula into a second Schlenk 
flask, also equipped with a magnetic stir bar. The resulting buckyimine solution was then 
hydrogenated by following a literature method See Lu et al. Tetrahedron Letters, 2002, 43, 
pp. 8617-8620. 

[0047] After traditional work up, the solution was concentrated with a rotary evaporator 
and flash chromato graphed on silica geL The final product was eluted by toluene/MeOH 
(10:1). 
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EXAMPLE 2 

Deprotection of N-Ac-Fiillerecine-Phe-OMe 

[0048] Approximately 50 mg N-Ac-FuUericine-OMe was added to a Schlenk flask 
equipped with a magnetic stir bar. The solid was degassed under vacuum and then dissolved 
in 25 mL CH2CI2 and cooled to ~-10°C under an.argon atmosphere. Approximately 5 mL of 
IM BBr3 in CH2CI2 was added dropwise through a needle transfer with stirring. A dark 
brown precipitate resulted. Stirring continued at -10°C for 1 hr and at 25 °C for 2 hr. The 
reaction was quenched by the careful dropwise addition of 25 mL of water. The solids 
remained between the interface of the water and the CH2CI2. The solids were centrifuged 
out, then washed with 6 M HCl (10 mL x 2) with sonicatioa The residue was further 
washed with DI water (25 mL x 3). The decanted liquid portion was a clear yellow solution 
that indicated that the produced fuUerecine was soluble in H2O. The solubility is estimated to 
be about 0.1 mg/mL. 

EXAMPLE 3 

Preparation ofN-Ac-Fullerecine-Lys-OMe 

[0049] Approximately 136 mg of buckyketone 1 (0.18 mmol), 70 mg Ac-Lys(4-NH2)- 
OMe (0.36 mmol), and a catalytic amount of p-benzosulfonic acid were added to a 250 mL 
Schlenk flask equipped with a magnetic stir bar. This initial mixture was pumped dry under 
vacuum. Then, 150 mL of degassed, freshly distilled toluene/tetrahydrofuran (THF) (2:1) 
was charged into the flask under an argon atmosphere. The flask was attached to a soxhlet 
extractor filled with oven-dried 4 A molecular sieve. The reaction mixture was refluxed 
overnight. After the heating stopped, the dark, golden-brown solution was filtered via 
cannula to a second Schlenk flask equipped with a magnetic stir bar. The resulting 
buckyimine solution Avas hydrogenated following a literature method See Liu et al. 
Tetrahedron Letters, 2002, 43, pp. 8617-8620. Upon hydrogenation, a red-orange solid 
precipitated out and onto the flask surface. This precipitate was confirmed by MALDI-TOF- 
MS to be N-Ac-FuUerecine-Lys-OMe 
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EXAMPLE 4 

Synthesis ofN-Boc-Fullerecine-Phe-OH 

[0050] The synthesis of N~Boc-Fullerecine-Phe-OH is depicted in FIGURE 9, 238 rag of 
buckyketone 1 (0.3 mmol), 169 mg Boc-Phe(4-NH2)-OH(0.6 mmol), and a catalytic amount 
of p-benzosulfonic acid were added into a 250 ml Schlenk flask equipped with a magnetic stir 
bar. The starting mixture was pinnped dry imder vacuum, after which 300 ml of degassed, 
freshly distilled toluene and 50 ml of dry THF were charged into the flask under an argon 
(Ar) atmosphere. The flask was headed on a Soxhlet extractor filled with oven dried 4 A 
molecular sieve. The reaction mixture was refluxed for 2 days. In a second 250 ml flask, 
100 mg of phthalic acid was added and dried in vacuo with a heat gun. The dried phthahc 
acid was then dissolved in 15 ml dry THF under Ar. After the FuUerene imine solution 
cooled down, the dark golden brown solution was filtered by cannula iato a second Schlenk 
flask equipped with a magnetic stir bar. The resulting buckyimine solution was then cooled 
down to -42°C in an acetonitrile/dry ice bath Then, an excess amount (3ml IM) of BH3- 
THF solution was injected into the flask by syringe. The reaction was completed after 2 hrs, 
as determined by a thin layer chromatogr^hic (TLC) plate. Then, 2 ml of MeOH was 
injected to quench excess BH3. The final solution was first washed with DI water, then dilute 
KHCO3 solution carefiiUy (to assure that the pH doesn't get too basic) to remove unreacted 
Boc-Phe(4-NH2)-OH and phthalic acid The solution was concentrated on a rotary 
evaporator (rotovap) and flash cl^omatographed on silica gel 167 mg of the final product 
was elutedby toluene/ethyl acetate/CHaCOOH (100:7:0.8). 

EXAMPLE 5 

Synthesis ofN-Fmoc-Fullerecine-Phe-OH 

[0051] The synthesis of N-Fmoc-FuUerecine-Phe-OH is depicted in FIGURE 10. 31 6 mg 
of buckyketone 1 (0.4 mmol) and 412 mg Fmoc-Phe(4-NH2)-OH (0.6 mmol) and catalytic 
amount of p-benzosulfonic acid were added in a 250 ml Schlenk flask equipped with a 
magnetic stir bar. The starting nMxture was pumped dry under vacuum, after which 300 ml of 
degassed, freshly distilled toluene and 100 ml dry ethyl acetate were charged into the flask 
under an argon atmosphere. The flask was headed on a Soxhlet extractor filled with oven 
dried 4 A molecular sieve. The reaction mixture was refluxed for 2 days. In a second 250 ml 
flask, 100 mg of phthalic acid was added and dried in vacuo with heat gun. The dried 
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phthalic acid was then dissolved in 15 ml dry THF under At. After the FuUerene ixnine 
solution cooled down, the dark golden brown solution was filtered by a cannula to a second 
Schlenk flask equq)ped with a magnetic stir bar. The resulting buckyimine solution was then 
cooled down to -42 with an acetonitrile/dry ice bath. Then excess amount (3ml IM) BH3- 
THF solution was injected by syringe. The reaction was conplete after 3 hrs, as shown by 
TLC plate. Then, 2 ml of MeOH was injected to quench excess BH3. The final solution was 
first washed with dilute KHCO3 solution to carefully adjust the pH to 7, then with dilute HCl 
to remove unreacted Fmoc-Phe(4-NH2)-OH and phthalic acid. The solution was concentrated 
on a rotovap and flash chromatographed on silica gel. 195 mg of the final product was eluted 
by toluene/ethyl acetate/CHaCOOH (100:8: 1). 

EXAMPLE 6 

Synthesis of Fullerene Peptide I ( Ghi-ne-Ala-Gln-LeU'GlU'BAA'Glu-Ser-Gln'Ala'Ile-Glu- 

NH2) 

[0052] The coupling of the first 6 residues of fullerene peptide I was carried out on an 
automated APEX 396 Multiple Peptide Synthesizer (Advanced ChemTech) under nitrogen 
flow. 430 mg (0.3 mM) rink resin was used as solid phase. Each coupling involved a 4-fold 
amino acid excess, and HBTU, N-hydroxybenzotriazole (HOBT) as activators and 
diisopropylethylamine (DIEA) as base in a 1:1:1:3 ratio. Fmoc deprotection was performed 
using 20% perperidine in DMF solution. After the deprotection of the sixth residue (Glu) 
was finished, one sixth of the resin was moved out to a 25 ml fritted glass tube, swollen with 
DMF and a 3-fold excess of FmocBAA was dissolved in 9 ml DMF/CH2CI2 (2:1). The Fmoc 
BAA solution was first activated with PyBOP/HOBT/DIEA (1:1:1:3) for 2 minutes, then 
mixed with the resin in the fritted glass tube, and shaken with an automated shaker for 1 day 
at room temperature. The resin was then washed thoroughly with DMF and CH2CI2 to 
remove unreacted FmocBAA, and retransferred to the automated synthesizer reactor. Each 
subsequent Fmoc removal was performed by the synthesizer using a 5% DBU solution in 
DMF under nitrogen. The amino acid couplings were done using the same conditions 
reported above. The final peptide was cleaved twice from the solid support using 10 ml 
trifluoroacetic acid (TFA): triisopropylsilane (TISP):H20 (98:1:1) for 4 h and 18 hrs. The 
crude fractions were washed with diethyl ether and lyophilized to remove TFA. The 
purification was carried out on an Varian C4 column using a gradient of A: 0.1% TFA in 
water and B: 0.1%TFA in isopropanol, 0-100%B in 75 min at 5.0 ml/min flow rate. The 



12 



wo 2005/070827 



PCT/US2005/001187 



elution time was 70 min. The yield was 8.5 mg. FIGURE 12 illustrates the synthesis of 
fullerene peptide I. 

EXAMPLE 7 

Synthesis of Fullerene Peptide U (BAA-Glu-Glu-GlU'Glu-Gly-Gly'Gfy'Ser'COOH) 
[0053] The couplings of first 7 residues after serine of faUerene peptide II were carried 
out on an automated APEX 396 Multiple Peptide Synthesizer (Advanced ChemTech) under 
nitrogen flow. 430 mg (0.3 mM) Fmoc-serine- rink resin was used as sohd phase. Each 
coupling uses 4-fold amino acid excess, and HBTU, HOBT as activators and DIEA as base in 
a 1 : 1 : 1 :3 ratio. Fmoc depreotection was performed using 20% peiperidine in DMF solution. 
After the deprotection of the eighth residue (GIu) was finished, one sixth of the resin was 
naoved out to a 25 ml fiitted glass tube, wherein the resin was swollen with DMF. A 3-fold 
excess of BocBAA was then dissolved in 9 ml DMF/DCM(2: 1). The Boc BAA solution was 
first activated with PyBOP/HOBT/DIEA (1:1:1:3) for 2 minutes. The activated Boc BAA 
was mixed with the resin in the fi*itted glass tube, and shaken on an automated shaker for 1 
day at room temperature. Then, the resin was washed thoroughly with DMF and CH2CI2 to 
remove unrected FmocBAA. The final peptide was cleaved twice fi*om the solid support 
using 10 ml TFA:TISP:H20 (98:1:1) for 4 hrs and 18 hrs. The crude fractions were washed 
with diethyl ether and lyophilized to remove TFA. 

EXAMPLE 8 

Cell viability assay or evaluation of the cytotoxicity of Fullerene Peptide 

[0054] Rat maxillary incisor pulp cells (RPC-C2A) were seeded on a 24-well tissue 
culture plate at 3540 cells per well and incubated for 24 hr at 37^C in a 5% CO2 environment. 
Dulbecco's Modified Eagle's Medium (DMEM; Invitrogen, NY) was prepared with 10% 
fetal bovine serum (FES; BioWhitaker, Walkersville, MD), 2 mM Ainphothericin B, 1 
unit/ml penicillin, and 100 mg/1 streptomycin (Invitrogen, NY). Three different 
concentrations of Fullerene peptide solutions (4, 40, and 400fiM) were prepared in PBS and 
sterilized using 0.2 ^m filter syringe. 100 of the solution was mixed with 1.9 naL of 
medium and added to cells. Control was also prepared by adding PBS buffer solution 
without peptide-modified fullerene to. cells. After 48 hrs of incubation, cell viability was 
determined using Live-Dead Assay Kit (Molecular Probes, Inc., Eugene, OR). Calcein AM 
is converted to a green fluorescent product within live cells due to enzymatic activity, while 
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ethidium homodinaer-l, a red fluorescent conq}ound, accumulates in dead cells due to 
increased membrane permeability. After removing medium, cells were rinsed with PBS 
solution twice. Cells in each well was incubated with 0.4 mL of 4nM EthD-1 and 2 \jM of 
Calcein AM in PBS for 30 min and observed under fluorescent microscope. 

[0055] FIGURE 11 depicts the phase contrast microscope (top) and fluorescent 
naicroscope (bottom) images for the cell viability test. The cells continued to fluoresce green 
indicating that they were still alive. The cell viability test reflects that the fiiUerene-based 
peptide shows no toxicity to the cells. 

[0056] For the statistical analysis, the data were compared with two-tailed, unpaired t- 
tests. P-values less than 0.05 were considered to be significant. Data are presented as mean± 
standard deviation. This statistical analysis is shown in FIGURE 13. 

[0057] All patents and publications referenced herein are hereby incorporated by 
reference. It will be understood that certain of the above-described structures, functions, and 
operations of the above-described embodiments are not necessary to practice the present 
invention and are included in the description sinq)ly for completeness of an exemplary 
embodiment or embodiments. In addition, it will be understood that specific structures, 
functions, and operations set forth in the above-described referenced patents and publications 
can be practiced in conjunction with the present invention, but they are not essential to its 
practice. It is therefore to be understood that the invention may be practiced otherwise than 
as specifically described without actually departing from the spirit and scope of the present 
invention as defined by the appended claims. 
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